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Abstract
Nano-lignocellulose fibers (NLCFs) studies have been undertaken intensively in Indonesia because of its extraordinary 
properties of the nanofibers for various applications. The Government of Indonesia has also supported the development 
of the studies into industrial application. However, the studies about the nanofibers were still limited thereby creating 
barriers to the implementation of the studies into industrial application. Based on this study, NLCFs comprised ligno-
cellulose nanofibers, bacterial nanocellulose, nanocrystalline cellulose, and nanofibrillated cellulose. From this study, 
empty fruit bunch of oil palm became the most studied natural fiber for NLCFs isolation, followed with other sources, 
such as bacteria, cassava, bamboo, and pineapple. From the Google Earth and ArcGis mapping, NLCFs studies were 
mostly conducted in Java Island over other Indonesia islands. The phenomenon was due to the availability of nanofibers-
producing machines and its instrumentations. There has been yet no specific regulation supporting the development of 
NLCF studies, but there are some ministerial roadmaps and plans created to support the studies. Yet, NLCF studies have 
been not only concerned on its isolation and characterization but also the studies have been concentrated for explor-
ing the NLCF potential for industrial application purposes, such as: paper making, pharmaceutics, food and packaging, 
medicine, and bio-absorbent.

Keywords Nano-lignocellulose fibers · Indonesia research and initiative · Government of Indonesia · Google Earth and 
ArcGis mapping · Industrial application

1 Introduction

Nanotechnology research has been an interesting 
study topic for researchers, industries, and universities 
in Indonesia. In addition, the Government of Indone-
sia (GOI) has challenged them to conduct more studies 
and explorations on the potential of nanomaterials for 
industrial purposes. For instance, the GOI supported the 

establishment of Indonesia Society for Nano (MNI) that 
has been successful to gather more than 300 nanotech-
nology experts throughout Indonesia to develop nanoma-
terial science and technology. Even, Indonesian Ministry 
of Research, Technology, and Higher Education enacted 
a Main National Research Plan in a period of 2017–2045 
in which nanotechnology has been the main national 
research priority. Furthermore, In the National Research 
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Plan, bio-nanomaterials; which encompass bio-fibers, cel-
lulosic materials, and bio-composite; have been the major 
theme for nanotechnology research [30].

With tremendous support of the GOI, bio-nanomate-
rials studies are predicted to increase annually because 
of the excellent characteristics of nanomaterials derived 
from natural or biological resources and its potential appli-
cation for various industries. In addition, the abundance 
biomass from agriculture and forestry can be another 
reason to the development of bio-nanomaterial studies 
in Indonesia. Through nanotechnology, the biomass can 
be explored its potential as a main source for nano-ligno-
cellulose fibers (NLCFs). Chemical, mechanical, biological, 
and the combination of those methods can be harnessed 
to isolate NLCFs. NLCFs obtained can be divided into four 
categories, including lignocellulose nanofiber (LCNF), bac-
terial nanocellulose (BNC), nanocrystalline cellulose (NCC), 
and nanofibrillated cellulose (NFC). Those NLCFs forms 
can be easily distinguished based on its sources, isolation 
methods, acquired nanomaterials domain (amorphous or 
crystalline), deposited chemical components, nanomate-
rial morphology, particle size, crystallinity, and shapes [36, 
40, 54].

Studies on NLCFs types were carried out intensively in 
Indonesia with varied sources of biomass. LCNFs were iso-
lated from bio-fibers of OPEFB and rattan for food packag-
ing [44] and automotive purpose [33], respectively. NCCs 
were mostly extracted by means of acid hydrolysis from 
passion fruit peel [53], cabbage wastes [4], and corn cob 
[16]. Besides those sources, bamboo, agave, and acacia 
wood were also utilized as another source of nanomate-
rial isolation [6, 43, 47]. In previous studies, the high purity 
of BNC was biosynthesized from extracellular product of 
Acetobacter xylinum bacteria [2, 3, 29].

Given the potential of the NLCFs research, NLCFs have 
a big opportunity to be developed for various products in 
Indonesian industrial applications. However, the applica-
tions are presumably hampered with limited availabilities 
of the relevant research. Previous research on NLCFs was 
only about its isolation, biosynthesis, characterization, and 
application for nanocomposites [5, 9, 22, 37]. Furthermore, 
there have not yet been some studies about the utilization 
of NLCFs for industrial applications although certain busi-
ness initiatives were identified to use NLCFs types for their 
commercial products. As a result, this study was purposed 
to analyze previous NLCFs studies and potential for indus-
trial applications by mapping them using Google Earth 
and ArcGis mapping. In addition, gap analysis between 
NLCFs research and its initiative development was also 
investigated.

2  Method

2.1  Materials and data sources

Data were obtained by means of systematic literature 
review from varied sources of national and international 
publications. All the data were in form of secondary data 
with sources that were from journals, thesis, dissertation, 
newsletters, regulations, and grey literature. All those 
publications, which were used to analysis, spanned from 
2008 to 2019. Those publications were searched by using 
Google Scholar with key words of “nanocellulose”, “cel-
lulose nanofibers”, “lignocellulose nanofibers”, “nanocrys-
talline cellulose”, “nanofibrillated cellulose”, “bacterial 
nanocellulose”, and “Indonesia”. Software of Google Earth 
and (Version 7.3.2.5495, Developer: Google, USA) and 
ArcGis version 10.3 (Developer: ESRI, Indonesia) were 
used to create research maps. The creation of research 
maps was based on the places where the NLCFs studies 
were undertaken.

2.2  Procedures

2.2.1  Collection and analysis of data

Acquired literature was subsequently extracted into two 
kinds of data, namely publications and NLCFs research 
information. In the publications, the data consisted 
of some parameters, including publication authors/
co-authors, research place, research institution, year, 
research tittle, and references. In the NLCFs research 
information, the data comprised NLCFs types, material 
sources, isolation methods, final products, NLCFs prop-
erties, and nanocomposite properties. Next, those data 
were tabulated in an Excel spreadsheet and were then 
used for analysis and map creation. To ease the tabu-
lating process; cellulose nanocrystals, cellulose micro-
crystals, cellulose nanowhiskers, and microcrystalline 
cellulose were the other names of NCC, and those were 
entered in a type of NCC. In addition, cellulose microfi-
brils, cellulose nanofibrils, and microfibrillated cellulose 
were classified into NFC. Furthermore, BNC consisted of 
bacterial cellulose, microbial cellulose, and bio-cellulose.

Prior to data analysis, a brief description about LCNFs, 
NCC, NFC, and BNC were provided in this manuscript 
with aim to educate the readers about those NLCF 
types. Obtained data were then analyzed based on pub-
lication/research period, research places distribution, 
NLCFs types, and NLCFs sources. Aside those data, regu-
lations about nanotechnology research and industrial 
application, which were issued by the GOI, were used 
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for analyzing a gap between research and initiatives 
development.

3  Research mapping

Research mapping was formed to understand the NLCFs 
research distribution in Indonesia. Data on research places 
distribution were used as a main source for creating maps 
assisted with two supporting software. The software was 
Google Earth and ArcGis version 10.3 with a purpose to 
determine geographical coordinate of NLCFs research 
places and to display the geographical sets of the sites, 
respectively.

4  Results and discussion

4.1  Nano‑lignocellulose fibers

4.1.1  Nanocrystalline cellulose

It is not LCNFs isolation alike, NCC was obtained from 
cellulose continued with certain hydrolysis processes, 
including enzymatic hydrolysis, ionic liquid solvolysis, 
acid hydrolysis, or 2,2,6,6-tetramethylpiperidine 1-oxyl 
(TEMPO) oxidation [10, 39, 49, 52]. As an important pre-
treatment, pulping and bleaching are also used to reduce 
cementing agents (hemicellulose, lignin, and amorphous 
lignin), and post-treatment process that includes ultrasoni-
cation and filtration is also harnessed to produce purified 
NCC. NCC production requires the removal of amorphous 
part of lignocellulose but remains crystalline domain. As 
a result, shapes of whisker, needle, rod, and or spherical 
are the most common formation of NCC extracted by 
means of these above methods [27, 28]. In addition, most 
of NCC are also uniform and finest in its size because of the 
removal of less-ordered region through extensive chemo-
mechanical methods with remaining crystalline domain/
region. For example, Li et al. [26] researched NCC isolation 
via two stages, including TEMPO-mediated oxidation and 
formic acid hydrolysis. NCC obtained from these stages 
had a length range between 50 and 300 nm and a width 
range between 2 and 4 nm. In the above study, formic 
acid was used to swell cellulose fibers, to release NCC from 
amorphous region, and to remove hemicellulose whereas 
NCC surface charges were increased by means of TEMPO-
mediated oxidation.

4.1.2  Nanofibrillated cellulose

Obtainment of NFC is much emphasized on defibrillation 
process after purifying cellulose. Defibrillation process 

can disintegrate cellulose microfibrils into elementary 
fibrils and this process can lead to the increase expo-
sure of surface area and hydroxyl group availability [51]. 
This process is also able to be undertaken by top-down 
approaches, which include grinding, high pressure 
homogenizer, high-speed blender, microfluidization, 
refining, cryocrushing, and ultrasonication [20]. Prior 
to defibrillation process, a chemical pretreatment and 
or enzymatic pretreatment can be utilized for cellulose 
extraction, such as enzymatic, carboxy-methylation, acet-
ylation, and TEMPO-mediated oxidation [31]. The shape 
of NFC is distinctively featured with long, flexible, entan-
gled or individualized, and web-like cellulose fibrils. NFC 
has an average diameter range between 5 and 60 nm 
with several micrometers in length [23, 48]. Furthermore, 
NFC is also very distinct with other NLCFs because this 
nanomaterial is still composed with alternating crystal-
line and amorphous domains.

4.1.3  Bacterial nanocellulose

BNC consists of high-purified cellulose with a 3 dimen-
sion and interconnected cellulose network form. This 
nanomaterial is biologically synthesized from aerobic 
bacteria through agitated/stirred and static culture 
method. With bottom-up approach, this BNC is uniquely 
different with other NLCF types. The most researched 
bacterium used for BNC synthesis is Actobacterium xyli-
num aka Komagataeibacter xylinus [12, 20]. According 
to Corujo et al. [11] and Jozala et al. [21], thick, entan-
gled nanoribbon network, leather-like white pellicles 
are mostly featured from the obtainment of BNC from 
static culture method whereas irregular pellets or sus-
pended fibers are mostly formed by agitated fermenta-
tion of BNC. BNC has a unique structure with an aver-
age length in 100 µm and an average diameter about 
100 nm, and the BNC contains a bundle group of ribbons 
with a 2–4 nm diameter cellulose microfibril [45]. BNC 
has remarkable properties, such as high water hold-
ing capacity, high polymerization degree, high tensile 
strength, high crystallinity, and high moldability in situ 
[12]. Because of those properties, BNC has the potential 
for textile manufacturing, food and packaging industry, 
pharmaceuticals, and medical industry.

4.1.4  Lignocellulose nanofibers

LCNFs are isolated from lignocellulose biomass by using 
top-down approaches, especially via mechanical meth-
ods. The isolation remains not only cellulose but also 
lignin, hemicellulose, pectin, extractives, and other inor-
ganic matters. However, chemical process—pulping and 
bleaching—can be added as an additional treatment for 
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the fabrication of LCNFs [13, 41]. Dry or wet disk milling, 
high speed blender, and vibrational milling are the com-
mon mechanical methods to produce LCNFs [8, 18, 24, 
34]. Through those methods, LCNFs with an aspect ratio 
of 100 and thickness of 14–100 nm can be obtained. The 
shape of LCNFs can be in form of entangled individual, 
spherical, and uneven fibrils. Due to mechanical methods, 
acquired LCNFs are dominated by amorphous region over 
crystalline domain, leading to the decrease of crystallin-
ity [44]. However, LCNFs can be still harnessed as a rein-
forcing agent for food packaging, automotive, and wood 
composites due to the compatibility between LCNFs and 
its composite matrices.

4.2  Nano‑lignocellulose fibers research in Indonesia

4.2.1  Research period

There are four types of NLCFs researched in Indonesia, 
consisting of NCC, NFC, BNC, and LCNF. Based on the 
research period, there was slight increase in the studies 
trend of NLCFs (Table 1), indicating NLCFs has become 
an interesting research topic for biomaterials. Through-
out the eleven five years, there was an increase trend 
of NLCFs studies, and that would presumably increase 
in the next few years. From Supplementary Data I, NCC 
and NFC have mounted since 2016 because those NLCF 
types were easily isolated with acid hydrolysis, ultrasoni-
cation, and high pressure homogenizer [4, 9, 14]. These 
methods also allowed to manufacture nanostructured 
fibers below 100 nm. However, LCNF has been the rarest 
research topic since the last seven years because of the 
difficulty to isolate nano-sized fibers below 100 nm. The 
presence of cementing agents (pectin, lignin, hemicel-
lulose, and amorphous cellulose) and extractives might 
be the physical barriers to isolate LCNF [44]. In addition, 
multi-mechanical stages are required for producing 
LCNF as not using chemical pretreatment. That will gen-
erate high consumption of electricity and release high 
carbon footprint. Chemical treatments, which include 
enzymatic treatment and TEMPO oxidation, can be the 
easiest way to reduce the electricity [7]. Besides NCC, 
NFC, and LCNF studies, BNC has also become another 
interest for NLCFs research in Indonesia. Through the 

additional chemical and mechanical methods, BNC 
was easily produced with an average diameter range 
between 10 and 100 nm, and a length in micrometers 
[1–3, 29, 42].

Table 1  Nano-lignocellulose 
fibers studies in Indonesia

Nano-lignocellu-
lose fiber types

Research period

2008–2009 2010–2011 2012–2013 2014–2015 2016–2017 2018–2019

NCC 0 2 9 10 49 33
NFC 2 1 8 13 27 13
BNC 1 0 4 13 7 6
LCNF 0 0 1 1 2 3

Table 2  Natural fibers studied for NLCF research

Sources Types of NLCF

NCC NFC BNC LCNF

Oil palm 23 22 0 5
Bacteria (Nata de coco) 0 0 31 0
Cassava 11 3 0 0
Bamboo 2 8 0 0
Pineapple 5 3 0 0
Banana 6 1 0 0
Water hyacinth 5 1 0 0
Cotton 4 1 0 0
Kenaf 2 3 0 0
Wood 1 2 0 1
Cotton 4 1 0 0
Ramie 2 2 0 0
Rattan 3 1 0 1
Bagasse 2 3 0 0
Corn 3 0 0 0
Advantec filter paper and 

avicel/cellulose
2 0 0 0

Snake fruit 2 0 0 0
Sugar palm 2 0 0 0
Sludge pulp and paper 1 1 0 0
Cabbage waste 1 0 0 0
Arenga palm 1 1 0 0
Yam fruit 1 0 0 0
Reed 1 0 0 0
Nypa 1 0 0 0
Agave 0 1 0 0
Passion fruit 1 0 0 0
Red sweet potatoes 1 0 0 0
Sago 1 0 0 0
Tofu 1 0 0 0
Sisal 1 1 0 0
Sugarcane 1 0 0 0
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4.2.2  Natural fibers used for research

Natural fibers, which were commonly used for NLCF 
research in Indonesia, are much diversified with a domi-
nant source of agriculture byproducts (Table 2). However, 
Indonesia has much potential of natural fibers over those 
listed in Table 2 that can be explored more for manufac-
turing NLCF. From the table, oil palm becomes the most 
studied material, which is used for NCC, NFC, and LCNF 
production. That is because the material is an inexhaust-
ible source and a biodegradable waste in Indonesia, espe-
cially in Kalimantan, Sumatera, and Java Island. Accord-
ing to Rahayu et al. [38], Indonesia has the potential to 

generate oil palm solid waste biomass and palm oil mills 
effluent (POME) of about 20.07 million tons and 23.7 mil-
lion tons, respectively. Nata de coco, cassava, and bam-
boo are the other biopolymers for the isolation of NLCF. 
Most of natural fibers used for NLCF studies are for NCC 
and NFC production over BNC and LCNF production. 
That occurs because NCC and NFC are easily produced by 
those fibers by using a simple method of acid hydrolysis 
and mechanical methods, respectively. In this study, BNC 
is synthesized from Actobacterium xylinum with various 
high-sugar media, such as coconut, soya/tofu, and pine-
apple. LCNF is mostly obtained from oil palm because of its 
abundant availability. In addition, oil palm fibers are very 
easily to be mechanically broken down and disintegrated 
into nanofibers although some of aggregations are also 
found during the isolation. As a result, post-treatments 
are needed to avoid aggregations, such as freeze-drying, 
solvent exchange, ultrasonication, and surfactant addition.

4.2.3  Research places

NLCF studies were undertaken in all Indonesia islands, 
including Java, Bali, Madura, Sumatera, Kalimantan, 
Sulawesi, and Papua (Table 3). The distribution of NLCF 
research in Indonesia can be seen in Fig. 1. However, the 

Table 3  Sites used for NLCF research in Indonesia

Nano-lig-
nocellulose 
fibers

Research places in Indonesia

Java, 
Bali, and 
Madura

Sumatera Kaliman-
tan

Sulawesi Papua

NCC 67 33 1 5 1
NFC 56 8 1 1 0
BNC 24 7 1 0 0
LCNF 7 0 0 0 0

Fig. 1  Studies map of nano-lignocellulose fibers in Indonesia
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studies are not obviously well-distributed; and are much 
concerned in Java Island; especially those are located in 
Jawa Barat and Jawa Tengah. Java, Bali, and Madura are 
the most dominated places for NLCF studies followed with 
Sumatera, Sulawesi, Kalimantan, and Papua. The executors 
of the studies are from universities and governmental 
research institutes (Supplementary Data 1). In Java, Bali, 
Madura, and Sumatera Island; NCC, NFC, BNC, and LCNF 
still become the subject of NLCF studies in which NCC and 
NFC are still the dominated research themes (Fig. 2). Those 
islands possess many research institutions and universities 
that support the development of NLCF studies. In addition, 
materials, machines, and instrumentations that are neces-
sarily for isolating and characterizing NLCF are available in 
those islands.

From this study, there is a discrepancy between nano-
technology research and natural fibers availability. For 
instance, oil palm that has been the major nanomaterial 
isolation is abundantly available in Kalimantan but the 
nanomaterial research is only concentrated in Java and 
Sumatera. Meanwhile, BNC that is considered easily to be 
synthesized for nanocellulose is rarely studied in Kalim-
antan, Sulawesi, and Papua Island (Fig. 3). Furthermore, 
Papua Island is very rare for NLCF studies to reach, and 
only once for LCNF research has been done (Fig. 4). Aside 
lack of nanotechnology machines and instrumentations, 
those issues are presumably due to the lack of information 
and interests of the relevant institutions to research NLCF.

4.3  Existing nano‑lignocellulose fibers regulations

The GOI has not yet issued a particular regulation that 
focuses on nanotechnology and NLCF research and ini-
tiatives development. However, National Standardization 
Agency for Indonesia (BSN) set a national standard, focus-
ing on nanotechnology. The Indonesian National Stand-
ard (SNI) was adopted from International Organization for 
Standardization (ISO) publications, especially ISO/TS Tech-
nical Specification and ISO/TR Technical Reports (Supple-
mentary Data 2). Table 4 shows that the standard consisted 
of four big groups, including definition, nanomaterial pro-
duction, nanomaterial characterization, and nanomaterial 
risk evaluation. From the standard, in a group of nanoma-
terial characterization, SNI ISO/TR 19,716: 2016 reported 
the guidance for characterization of NCC, which focuses 
on sample preparation, measurement methods, and data 
analysis. Characterizations of NCC in the standard com-
prise chemical composition, surface functional groups, 
degree of polymerization, crystallinity, moisture content, 
contaminants, morphology, viscosity, morphology, and 
thermal properties. Among the other NLCF types, NCC 
has been a major concern in the standard because NCC 
is the most feasible to be commercialized for industrial 

application in Indonesia. That is due to the availability of 
the standard that has been already in line with industrial 
uses. NCC is easily isolated by using chemical treatments, 
most notably, acid hydrolysis over other NLCFs. Further-
more, NCC is internationally traded across the countries 
with several sources of natural fibers.

Although the GOI has not yet determined NLCF regula-
tions, Indonesia research agencies and universities have 
been propelled to explore, study, and implement NLCF 
potential. For example, Center for Innovation, Indonesian 
Institute of Sciences (LIPI) in partnership with Kyoto Uni-
versity has collaborated to research and develop NFC for 
composites application [19]. According to Haryono and 
Rohman [17], some universities also attempted to open 
nanotechnology centers providing nanotechnology 
instrumentations, such as: Universitas Indonesia, Bandung 
Institute of Technology, Gadjah Mada University, Sepuluh 
November Institute of Technology, and Airlangga Univer-
sity. To support of NLCF research and its development, 
the GOI has mandated Ministry of Industry and Ministry 
of Research, Technology, and Higher Education to create 
NLCF research roadmap and plan. For example, Ministry of 
Industry legalized “Nanotechnology Roadmap 2010–2014”, 
which consisted of the utilization of lignocellulose natural 
fibers and its application for paper industrial applications 
[32]. Ministry of Research, Technology, and Higher Educa-
tion also created “Main National Research Plan 2017–2045” 
[30]. In the Main National Research Plan, nanotechnology 
has been clearly the main national research priority in 
which bio-nanomaterials, which encompass bio-fibers, cel-
lulosic materials, and bio-composite, have been the major 
theme for nanotechnology research.

4.4  Potential of NLCFs research for initiatives 
development

In this study, NLCF were mostly used for nanocomposite 
films, membrane, and hydrogels with various application, 
which included paper making, pharmaceutical coating 
agent, bio-plastic, bio-foam, food packaging, table excepi-
ent, bioabsorbent, and drug delivery (Supplementary Data 
1). Solvent casting is the easiest and the most reproducible 
method to synthesize those nanocomposiste products. 
Lagashetty et al. [25] and Oksman et al. [35] also stated 
that solvent casting was one of the easiest and simplest 
methods to produce polymer nanocomposite because it 
needed simple equipment and was less time consuming. 
Besides the method, electrospinning, injection molding, 
impregnation and immersion, and atomic layer desposi-
tion are the other methods used for the obtainment of 
nanocomposites.

Yet, there are no producers or industries from Indo-
nesia reported to produce NCC, NFC, BNC, and LCNF. 
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Fig. 2  Research distribution map of NCC (a) and NFC (b) in Indonesia
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According to Global Market Insights [15], Indonesia 
is one the targeted market for marketing NLCF mate-
rials, especially NCC, NFC, and BNC. Those NLCF types 

are presumably used for biocomposites, water purifier, 
food and beverage, oil and gas, paper processing and 
personal cares. Furthermore, prominent producers that 

Fig. 3  BNC studies map in Indonesia

Fig. 4  Distribution map of LCNF studies in Indonesia
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commercialize NCC, NFC, and BNC include Nippon Paper 
Group Inc., Asahi Kasei Corporation, Innventia AB, Melo-
dea Ltd., Kruger Inc., Sappi Ltd., CelluForce Inc., Daicel 
FineChem Ltd., American Process Inc., Fpinnovations, 

Borregard ASA, J. Rettenmaire and Sohne GmBH (JRS), 
CelluComp Ltd., Nippon Paper Group, and Stora Enso. 
Those nanomaterials are mostly used for research pur-
poses over industrial commercialization because there 

Table 4  Relevant SNI lists for NLCF based industries in Indonesia

Standard group Title SNI

Definition Nanotechnologies—Vocabulary—Part 1: Core terms SNI ISO/TS 80,004–1:2016
Nanotechnologies: Vocabulary—Part 2: Nano-objects SNI ISO/TS 80,004–2:2016
Nanotechnologies: Vocabulary—Part 12: Quantum phenomena in nano-

technology
SNI ISO/TS 80,004–12:2016

Nanotechnologies: Vocabularies for science, technology and innovation 
indicators

SNI ISO/TS 18,110:2016

Nanotechnologies: Considerations for the development of chemical 
nomenclature for selected nano-objects

SNI ISO/TR 14,786:2016

Nanotechnologies: Model taxonomic framework for use in developing 
vocabularies—Core concepts

SNI ISO/TR 12,802:2015

Nanotechnologies: Vocabulary—Part 5: Nano/bio interface (ISO/TS 
80,004–5:2011, IDT)

SNI ISO/TS 80,004–5:2013

Nanotechnologies: Vocabulary—Part 4: nanostructured materials (ISO/TS 
80,004–4:2011, IDT)

SNI ISO/TS 80,004–4:2013

Nanotechnologies: Terminology and definitions for nano-objects; Nanopar-
ticle, nanofibre and nanoplate

SNI ISO/TS 27,687:2011

Nanotechnologies: Methodology for the classification and categorization of 
nanomaterials

SNI ISO/TR 11,360:2011

Nanomaterial production method Nanotechnologies: Compilation and description of toxicological screening 
methods for manufactured nanomaterials

SNI ISO/TR 16,197:2016

Nanotechnologies: Vocabulary—Part 8: Nanomanufacturing processes SNI ISO/TS 80,004–8:2015
Nanomaterials: Preparation of material safety data sheet (MSDS) SNI ISO/TR 13,329:2015
Nanotechnologies: Nanotechnologies – Guidance for developing repre-

sentative test materials consisting of nano-objects in dry powder form 
(ISO/TS 16,195:2013, IDT)

SNI ISO/TS 16,195:2015

Nanotechnologies: Materials specifications -Guidance on specifying nano-
objects (ISO/TS 12,805:2011, IDT)

SNI ISO/TS 12,805:2013

Nanomaterial characterizations Nanotechnologies: Vocabulary—Part 6: Nano-object characterization SNI ISO/TS 80,004–6:2015
Nanotechnologies: Characterization of cellulose nanocrystals SNI ISO/TR 19,716:2016
Nanotechnologies: Characteristics of working suspensions of nano-objects 

for in vitro assays to evaluate inherent nano-object toxicity
SNI ISO/TS 19,337:2016

Nanotechnologies: Guidance on physico-chemical characterization of 
engineered nanoscale materials for toxicologic assessment

SNI ISO/TR 13,014:2015

Nanotechnologies: Occupational risk management applied to engineered 
nanomaterials Part 2: Use of the control banding approach

SNI ISO 12,901–2:2016

Nanotechnologies: Characterization of nanoparticles in inhalation expo-
sure chambers for inhalation toxicity testing

SNI ISO 10,808:2015

Nanotechnologies: Guidance on physico-chemical characterization of 
engineered nanoscale materials for toxicologic assessment

SNI ISO/TR 13,014:2015

Nanotechnologies: Guidance on methods for nano- and microtribology 
measurements

SNI ISO/TR 11,811:2015

Nanotechnologies: Characterization and measurement – Nanoparticles in 
powder form (ISO/TS 17,200:2013, IDT)

SNI ISO/TS 17,200:2015

Nanomaterial risk evaluation Nanotechnologies: Nanomaterial risk evaluation SNI ISO/TR 13,121:2017
Nanotechnologies: Occupational risk management applied to engineered 

nanomaterials—Part 1: Principles and approaches
SNI ISO/TS 12,901–1:2016

Nanotechnologies: Health and safety practices in occupational settings 
relevant to nanotechnologies

SNI ISO/TR 12,885:2016
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have not yet been reported the application of those 
materials for industrial applications.

Although NLCF has not yet been applied for industrial 
application, Indonesian has applied other nanomaterials for 
industrial purposes, such as food, textile, autmotive, home 
appliance, petroleoum, cosmetic, medicine, and renew-
able energy; and there are 14 companies that manufacture 
33 products [46]. Moreover, according to the UN Environ-
ment [50], In Indonesia LCNF has been applied by a start-up 
business for producing helmets in Indonesia in which the 
nanofibers are derived from oil palm empty fruit bunch fib-
ers. From the above, Indonesia has the potential to develop 
NLCF based-industries with the GOI support, previous 
research, and natural fibers abundance.

5  Conclusion

NLCF isolation, characterization, and its application for 
industrial products have been a major research concern 
for bio-nanocomposite studies in Indonesia. However, the 
studies are still dominated with NCC and NFC over BNC and 
LCNF studies. Oil palm biomass is the major raw material for 
the obtainment of NCC, NFC, and LCNF studies due to its 
availability, biodegradability, and properties. Actobacterium 
xylinum is the most used bacteria for BNC synthesis carried 
out in static and or agitated medium. Although those mate-
rials are also provided in Kalimantan, Sulawesi, and Sumat-
era; Java Island still becomes the most dominated research 
place for NLCF. Not only the availability of raw materials but 
also the presence of advanced instrumentations for nano-
technology has been the reason of the phenomenon. In this 
study, solvent casting method is the most used and the sim-
plest method for fabricating NLCF-based nanocomposites. 
The nanocomposites, which have been studied, have the 
potential to be implemented in varied industrial purposes, 
such as paper making, pharmaceutical coating agent, bio-
plastic, bio-foam, food packaging, table excepient, bioab-
sorbent, and drug delivery.
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